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•  LANL EDA Code 
– Simultaneous fit of all reaction/scattering data in R-matrix approach 

•  LANL evaluations 
– ENDF/B-VIII.0 
– Recent improvements 
– Gaps 
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•  R-matrix formalism [Wigner(1947)] 
– Unified description of many reactions 
– Ensures unitarity & probability conservation 

•  Capabilities 
– Any projectile: n, p, D, T, 3He, α, … 
– Any target: H, He, Li, Be, B, C, N, O, F, … 
– All data fit together, at the same time 

•  Elastic, inelastic, rearrangement, breakup, capture 
– All observables 

•  Cross sections: elastic, reaction, total 
•  Angular distributions/excitation functions 
•  Polarization observables 
•  Spectra 2è3, 2è4 
•  Capture/electromagnetic 

•  High-fidelity fit: 
– Typical chi-squared: χ2/dof ~ 1.2 – 1.5 

•  Unified, simultaneous fit 
– describe all data together 
–  fit quantum mechanical 

amplitudes, not cross sections 
•  Built-in Quality Assurance 

– Normalization constrained 
•  Weed-out underestimated exp’l 

uncertainties 

•  Superior to single-channel or 
polynomial fitting 

EDA 7Li System R-matrix Analysis 
 

G. M. Hale and M. W. Paris 
T-2, LANL 

 
The EDA R-matrix analysis included data for all reactions open in the 7Li system at energies up 
to En = 4 MeV (Ex=10.7 MeV).  The data set, which included more than 3900 experimental 
points, is summarized in Table I.  The χ2 per degree of freedom for the analysis is 1.36.  The 
original experimental uncertainties were not changed, but outlier points having χ2 > 10 were 
discarded from the fit. 
!
!

Reaction Energy Range # Pts. Observables 
4He(t,t)4He Et =0 - 14 1661 σ(θ), Ay(t) 
4He(t,n)6Li Et = 8.75 - 14.4     37 σint, σ(θ) 
4He(t,n)6Li* Et =12.9       4 σ(θ) 
6Li(n,t)4He En = 0 - 4 1406 σint, σ(θ) 
6Li(n,n)6Li En = 0 - 4   800 σT, σint, σ(θ), Py(n) 
6Li(n,n’)6Li* En = 3.35 - 4       8 σint 
6Li(n,d)5He En = 3.35 - 4       2 σint 

Total  3918 13 
 
Table I.  Summary of the 7Li analysis.  The upper part of the table gives the channel 
configuration and the lower part gives the data summary for the reactions included.  
 
The EDA fitting procedure, which has often been described before, uses the chi-square expression  
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in which Ri are the relative values, and S the scale, for a set of measurements.  For simplicity, we 
consider only one such data set in these expressions, although in general the chi-square expression 
is a sum of such terms.  The experimental (one-sigma) uncertainties for these quantities are denoted 
as ΔRi and ΔS, respectively.  This form of chi-square implies that the quantities Ri and S are 
statistically independent, which is a good approximation to the way most scattering measurements 
are made, and it takes properly into account the most important and best-known experimental 
uncertainties ΔRi and ΔS.  Calculated values of the experimental observables in terms of the R-
matrix parameters p are denoted as Xi(p), and n is an adjustable normalization parameter associated 
with the experimental scale S.  These normalization parameters can mitigate the PPP problem in 
codes such as RAC that minimize a “generalized” chi-square.!!The!EDA!expression,!however,!
does!not!seem!to!be!affected!by!the!PPP!problem.!
!
Some samples of the fits obtained for each reaction are shown in the following panels of figures.  
We start with differential cross sections and analyzing powers for t+4He elastic scattering (Figs. 
1,2).  These are by far the highest-quality data in the analysis, and we have obtained a very good fit 
to almost all of them (χ2 per datum = 1.13).  The dramatic changes in shape with energy, especially 
of the analyzing powers, indicate exquisite sensitivity to the resonant structure in the 7Li system.  

Channel ac (fm) lmax 
t+4He 4.02 5 
n+6Li 5.0 3 
n+6Li* 5.5 1 
d+5He 6.0 0 

LA>UR>16>26777!

(MeV) 
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•  Roman numerals refer to ENDF versions 
•  Years refer to locally available files that have not yet been submitted to 

ENDF 

H1 H2 H3 He3 He4 Li6 Li7 
n VIII.0 VII.1 VII.1 VII.1 VII.1 VIII.0 VII.1 
p VII.1 VII.1 VII.1 VII.1 2011* VII.1 2001** 
d VII.1 VII.1, 2018 VII.1 2011 VII.1 2003** 
t VII.1 VII.1 2011* VII.1  --* 
3He 2001 2011* VII.1  -- 
α 2011*  --  -- 

* Nuclei for which LLNL evaluations have been put into ENDF/B-VIII.0 
** Nuclei for which LLNL evaluations replaced existing LANL evaluations in VIII.0 
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•  Improvement to existing LANL evaluations welcome 
– Primary concern: eliminate evaluation ‘gaps’ 

•  gaps in recommended energy range 0 < E < 20 MeV (higher for some) 
•  gaps in reactions available (spectra, capture, etc.) 

•  Review criteria for evaluation revisions 
– For reactions without existing evaluation 

•  describes “well” the available data 
•  covers recommended energy range 
•  ENDF-6 compliant 

– For reactions with existing evaluation 
•  “complete” (as above) 
•  accepted for extension of energy range (appended to existing evaluation) 
•  substantial improvement over existing evaluation requires 

–  improved fidelity of data fit 
–  improved method/approach of proposed eval. 

»  better theory; simultaneous description of more data; etc. 

NB: simpler approaches (such as single-channel curve fitting) 
offering substantially improved description of data will be accepted  
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Highlights 
1.  p+t, p+3He, p+6,7Li 
2.  d+d, d+t, d+3He 
3.  t+t, t+6Li 
4.  n+6Li, n+12C, n+13C 
5.  9Be system 
6.  15N system 
7.  n+16O 

A System Channels Energy Range (MeV) 

2  N-N 
p+p; n+p, 
γ+d 

          0-40 
          0-40 

3  N-d p+d; n+d           0-4 
  4H;  4Li n+t; p+3He           0-20 

4   4He p+t; n+3He; d+d           0-11; 0-10; 0-10 

5   5He n+α; d+t; 5He+γ           0-28; 0-10 

  5Li 
p+α; d+3He           0-24; 0-1.4 

A                                System (Channels) 

  6 6He (5He+n, t+t); 6Li (d+4He, t+3He); 6Be (5Li+p, 3He+3He) 

  7 7Li (t+4He, n+6Li); 7Be (γ+7Be, 3He+4He, p+6Li) 

  8 8Be (4He+4He, p+7Li, n+7Be, p+7Li*, n+7Be*, d+6Li) 

  9 9Be (8Be+n, d+7Li, t+6Li); 9B (γ+9B, 8Be+p, d+7Be, 3He+6Li)  

10 10Be (n+9Be, 6He+α, 8Be+nn, t+7Li); 10B (α+6Li, p+9Be, 3He+7Li) 
11 11B (α+7Li, α+7Li*, 8Be+t, n+10B); 11C (α+7Be, p+10B) 

12 12C (8Be+α, p+11B) 

13 13C (n+12C, n+12C*) 

14 14C (n+13C) 

15 15N (p+14C, n+14N, α+11B) 

16 16O (γ+16O, α+12C) 

17 17O (n+16O, α+13C) 

18 18Ne (p+17F, p+17F*, α+14O) 

Existing LANL evaluations 
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•  p-001_H_003.endf                                [T(p,x)Y]
– MF3(x-sec): 2(el), 50(n0), 650(d0) (<20 MeV)
– MF6(E-ang): 2, 50, 600

•  p-002_He_003.endf                             [3He(p,x)Y]
– MF3: 2(el), 50(n0), 650(d0) (<20 MeV)
– MF6: 2, 50, 650

•  p-002_He_004.endf                             [4He(p,x)Y]
– LLNL

•  p-003_Li_006.endf                             [6Li(p,x)Y]
– MF3: 2 750 (3He0) (<2.5 MeV)
– MF6: 2 750

•  p-003_Li_007.endf                             [7Li(p,x)Y]
– LLNL
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•  d-001_H_002.endf                                [D(d,x)Y]
– MF3(x-sec): 2(el), 50(n0), 600(p0) (<10 MeV)
– MF6(E-ang): 2, 50, 600 (<10 MeV)

•  d-001_H_003.endf                                [T(d,x)Y]
– MF3: 2  50(<40 MeV)  51 (<10 MeV)
– MF6: 2  50  51 (same energies)

•  d-002_He_003.endf                             [3He(d,x)Y]
– MF3: 2  600 (<14 MeV)
– MF6: 2  600

•  d-003_Li_006.endf                             [6Li(d,x)Y]
– MF3: 2  50  600  800(a0) (<5 MeV)
– MF6: 2  50  600  800

•  d-003_Li_007.endf                             [7Li(d,x)Y]
– LLNL
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•  t-001_H_003.endf                               [T(t,x)Y]
– MF3: 2  16(2n) (<2.2 MeV Rmat/data; >2.2, <20 extrap)
– MF6: 2  16

•  t-002_He_003.endf                             [3He(t,x)Y]
– MF3: 2  28(np)  650(nd) (<3 MeV Rmat/data; >3, <20 extrap)
– MF6: 2  28  650

•  t-002_He_004.endf                             [4He(t,x)Y]
– LLNL

•  t-003_Li_006.endf                             [6Li(t,x)Y]
– MF3: 2  22(nα)  650 (<4 MeV Rmat/data; >4, <20 MeV extrap)
– MF6: 2  22      650

•  t-003_Li_007.endf                             [7Li(t,x)Y]
– LLNL
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==> neutrons-VIII_0_owners.txt <==
 0 - N - 1 LANL       EVAL-APR16 HALE, PARIS                        25 1451
  1-H -  1 LANL       EVAL-JUL16 G.M.Hale                          125 1451
  1-H -  2 LANL       EVAL-FEB97 P.G.Young,G.M.Hale,M.B.Chadwick   128 1451
  1-H -  3 LANL       EVAL-NOV01 G.M.Hale                          131 1451
  2-He-  3 LANL       EVAL-MAY90 G.Hale,D.Dodder,P.Young           225 1451
  2-He-  4 LANL       EVAL-SEP10 Hale                              228 1451
  3-Li-  6 LANL       EVAL-JAN17 G.M. Hale                         325 1451
  3-Li-  7 LANL       EVAL-AUG88 P.G.Young                         328 1451
  4-Be-  7 LANL       EVAL-JUN16 I.Thompson, P.R.Page              419 1451
  4-Be-  9 LLNL,LANL  EVAL-OCT09 G.HALE,PERKINS ET AL,FRANKLE      425 1451
  5-B - 10 LANL       EVAL-FEB17 G.M.Hale                          525 1451
  5-B - 11 LANL       EVAL-MAY89 P.G.Young                         528 1451
  6-C - 12 LANL,ORNL  EVAL-AUG15 G.M. Hale, P.G. Young, C.Y. Fu    625 1451
  6-C - 13 LANL,      EVAL-AUG15 G.M. Hale, M.W. Paris             628 1451
  7-N - 14 LANL       EVAL-JUN97 M.B.Chadwick,P.G.Young            725 1451
  7-N - 15 LANL       EVAL-SEP83 E.Arthur,P.Young,G.Hale           728 1451
  8-O - 16 LANL       EVAL-DEC16 Hale,Paris,Young,Chadwick         825 1451
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•  LANL 
– Commit existing charged-particle 

evaluations to ENDF/A trunk 
•  protons: 4He, 7Li 
•  deuterons: 3H, 4He, 7Li 
•  tritons: 4He 
•  3He’s: 3He, 4He 
•  alphas: 4He 

•  LLNL 
–  energy extensions  
–  missing evaluations  

alphas/a-003_Li_006.endf
deuterons/d-001_H_002.endf
deuterons/d-001_H_003.endf
deuterons/d-002_He_003.endf
deuterons/d-002_He_004.endf
deuterons/d-003_Li_006.endf
helium3s/h-003_Li_006.endf
helium3s/h-003_Li_007.endf
protons/p-001_H_003.endf
protons/p-002_He_003.endf
tritons/t-001_H_003.endf
tritons/t-003_Li_006.endf

•  ORNL 
– n+16O resonance parameters 
– SAMMY advances 

•  Bc =       boundary condition 
•  capture 
•  closed-channel effects 

– comprehensive resonance anal. 
– Normalization work for 16O(n,a) 

•  JAEA 
– multichannel fits  

•  n+16O (17O system) 
•  p+7Li 

–  17O system agrees closely with 
LANL/EDA normalizations 
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Follow-on material 
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==> alphas-VIII_0_owners.txt <==
  2-He-  4 LLNL       EVAL-DEC99 R.M.White,D.A.Resler,S.I.Warshaw  228 1451

==> deuterons-VIII_0_owners.txt <==
  1-H -  2 LANL       EVAL-SEP01 G.M.HALE                          128 1451

  1-H -  3 LANL       EVAL-JAN95 G.M.HALE  AND M.DROSG             131 1451
  2-He-  3 LANL       EVAL-FEB01 G.M.HALE                          225 1451

  3-Li-  6 LANL       EVAL-JUN04 P.R.PAGE                          325 1451
  3-Li-  7 LLNL       EVAL-NOV10 P. Navratil, D. A. Brown          328 1451

==> helium3s-VIII_0_owners.txt <==
  2-He-  3 LLNL       EVAL-NOV10 P.Navratil, D.Brown, G.Hale       225 1451

  2-He-  4 LLNL       EVAL-DEC99 R.M.White,D.A.Resler,S.I.Warshaw  228 1451
  3-Li-  6 LANL       EVAL-NOV02 G.M.HALE                          325 1451

==> neutrons-VIII_0_owners.txt <==
 0 - N - 1 LANL       EVAL-APR16 HALE, PARIS                        25 1451

  1-H -  1 LANL       EVAL-JUL16 G.M.Hale                          125 1451
  1-H -  2 LANL       EVAL-FEB97 P.G.Young,G.M.Hale,M.B.Chadwick   128 1451

  1-H -  3 LANL       EVAL-NOV01 G.M.Hale                          131 1451
  2-He-  3 LANL       EVAL-MAY90 G.Hale,D.Dodder,P.Young           225 1451

  2-He-  4 LANL       EVAL-SEP10 Hale                              228 1451
  3-Li-  6 LANL       EVAL-JAN17 G.M. Hale                         325 1451

  3-Li-  7 LANL       EVAL-AUG88 P.G.Young                         328 1451

  4-Be-  7 LANL       EVAL-JUN16 I.Thompson, P.R.Page              419 1451
  4-Be-  9 LLNL,LANL  EVAL-OCT09 G.HALE,PERKINS ET AL,FRANKLE      425 1451

  5-B - 10 LANL       EVAL-FEB17 G.M.Hale                          525 1451
  5-B - 11 LANL       EVAL-MAY89 P.G.Young                         528 1451

  6-C - 12 LANL,ORNL  EVAL-AUG15 G.M. Hale, P.G. Young, C.Y. Fu    625 1451
  6-C - 13 LANL,      EVAL-AUG15 G.M. Hale, M.W. Paris             628 1451

  7-N - 14 LANL       EVAL-JUN97 M.B.Chadwick,P.G.Young            725 1451
  7-N - 15 LANL       EVAL-SEP83 E.Arthur,P.Young,G.Hale           728 1451

  8-O - 16 LANL       EVAL-DEC16 Hale,Paris,Young,Chadwick         825 1451
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==> protons-VIII_0_owners.txt <==
  1-H -  1 LANL       EVAL-FEB98 G.HALE                            125 1451
  1-H -  2 LANL       EVAL-FEB97 P.G.YOUNG,G.M.HALE,M.B.CHADWICK   128 1451
  1-H -  3 LANL       EVAL-SEP01 G. M. HALE                        131 1451
  2-He-  3 LANL       EVAL-OCT83 G.HALE                            225 1451
  2-He-  4 LLNL       EVAL-DEC99 R.M.White,D.A.Resler,S.I.Warshaw  228 1451
  3-Li-  6 LANL       EVAL-AUG01  G.M.HALE                         325 1451
  3-Li-  7 LLNL       EVAL-SEP10 P. Navratil, D.A. Brown           328 1451
  4-Be-  9 LANL       EVAL-NOV88 P.G.Young, E.D.Arthur             425 1451
  5-B - 10 LANL       EVAL-AUG05   P.R.PAGE                        525 1451
  6-C - 12 LANL       EVAL-JUN96 M.B.CHADWICK AND P.G.YOUNG        625 1451
  6-C - 13 LANL       EVAL-DEC04  P.R.PAGE                         628 1451
  7-N - 14 LANL       EVAL-AUG97 M.B.CHADWICK & P.G.YOUNG          725 1451
  8-O - 16 LANL       EVAL-JUN96 M.B.CHADWICK AND P.G.YOUNG        825 1451
==> tritons-VIII_0_owners.txt <==
  1-H -  3 LANL       EVAL-FEB01 G.M.HALE                          131 1451
  2-He-  3 LANL       EVAL-AUG01 G.M.HALE                          225 1451
  2-He-  4 LLNL       EVAL-DEC99 R.M.White,D.A.Resler,S.I.Warshaw  228 1451
  3-Li-  6 LANL       EVAL-SEP01 G.M.HALE                          325 1451
  3-Li-  7 LLNL       EVAL-JUN16 I.Thompson, P.Navratil, D.Brown   328 1451 
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•  Simultaneously fits all known low-E data 
– neutron & charged-particle channels 
– polarization (distinguishes partial waves, etc.) 

•  High-fidelity X2 ~ 1.5 below 10 MeV 
•  All resonances/partial waves included 
•  EDA also provides covariance matrices 

channel ac (fm) lmax 

n+4He 3.0 5 

γ+5He 60 1 

d+3H 5.1 5 

n+4He* 5.0 1 

Reaction Energies 
(MeV) 

# data 
point

s 

# data 
types 

4He(n,n)4He En = 0 – 40   817  2 
3H(d,d)3H Ed = 0 – 8.6   700  6 
3H(d,n)4He Ed = 0 – 30 1185 14

3H(d,γ)5He Ed = 0 – 8.6     17  2 
3H(d,n)4He* Ed = 4.8 – 8.3     10  1 

total 2729 25 

1

10

0 5 10 15 20 25 30

sige
KFK 83
Shamu 64
Calc

σ
T (

b)

E
n
 (MeV)

3/2-

1/2-

3/2+

0.001

0.01

0.1

1

10

0.01 0.1 1 10

T(d,n)4He Cross Section

Argo 53
Brown & Jarmie
Arnold et al.
Bame
Calc

σ
n,

d (
b)

E
d

(MeV)



NOTE: 
This is 
the lab 

color 
palette. 

T(d,n)α evaluation (II) 
Angular distributions T(d,el) 

11/5/18   |   16 Los Alamos National Laboratory 

t(d,d)t dσ/dΩ E= 0.960 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 0.960
dxs   t(d,d)t     0.96000     ST52

t(d,d)t dσ/dΩ E= 1.200 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 1.200
dxs   t(d,d)t     1.20000     ST52

t(d,d)t dσ/dΩ E= 1.460 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 1.460
dxs   t(d,d)t     1.46000     ST52

t(d,d)t dσ/dΩ E= 1.970 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 1.970
dxs   t(d,d)t     1.97000     ST52

t(d,d)t dσ/dΩ E= 2.210 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 2.210
dxs   t(d,d)t     2.21000     ST52

t(d,d)t dσ/dΩ E= 2.460 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 2.460
dxs   t(d,d)t     2.46000     ST52

t(d,d)t dσ/dΩ E= 2.570 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 2.570
dxs   t(d,d)t     2.57000     IV68

t(d,d)t dσ/dΩ E= 2.710 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 2.710
dxs   t(d,d)t     2.71000     ST52

t(d,d)t dσ/dΩ E= 2.770 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 2.770
dxs   t(d,d)t     2.77000     IV68

t(d,d)t dσ/dΩ E= 2.970 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 2.970
dxs   t(d,d)t     2.97000     IV68
dxs   t(d,d)t     2.99000     ST52

t(d,d)t dσ/dΩ E= 3.170 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 3.170
dxs   t(d,d)t     3.17000     IV68
dxs   t(d,d)t     3.22000     ST52

t(d,d)t dσ/dΩ E= 3.370 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 3.370
dxs   t(d,d)t     3.37000     IV68
dxs   t(d,d)t     3.43000     TO66

t(d,d)t dσ/dΩ E= 3.570 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 3.570
dxs   t(d,d)t     3.57000     IV68

t(d,d)t dσ/dΩ E= 3.770 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 3.770
dxs   t(d,d)t     3.77000     IV68

t(d,d)t dσ/dΩ E= 3.940 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 3.940
dxs   t(d,d)t     3.94000     TO66
dxs   t(d,d)t     3.97000     IV68

t(d,d)t dσ/dΩ E= 4.180 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

d
σ

/d
Ω

calculated at E= 4.180
dxs   t(d,d)t     4.18000     IV68

t(d,d)t dσ/dΩ E= 4.380 MeV

0 30 60 90 120 150 180

θ
CM

10
-2

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 4.380
dxs   t(d,d)t     4.38000     IV68
dxs   t(d,d)t     4.44000     TO66

t(d,d)t dσ/dΩ E= 4.580 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 4.580
dxs   t(d,d)t     4.58000     IV68

t(d,d)t dσ/dΩ E= 4.780 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 4.780
dxs   t(d,d)t     4.78000     IV68

t(d,d)t dσ/dΩ E= 4.940 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 4.940
dxs   t(d,d)t     4.94000     TO66
dxs   t(d,d)t     4.98000     IV68

t(d,d)t dσ/dΩ E= 5.180 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 5.180
dxs   t(d,d)t     5.18000     IV68

t(d,d)t dσ/dΩ E= 5.380 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 5.380
dxs   t(d,d)t     5.38000     IV68
dxs   t(d,d)t     5.45000     TO66
dxs   t(d,d)t     5.45000     TO66

t(d,d)t dσ/dΩ E= 5.580 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 5.580
dxs   t(d,d)t     5.58000     IV68

t(d,d)t dσ/dΩ E= 5.780 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 5.780
dxs   t(d,d)t     5.78000     IV68

t(d,d)t dσ/dΩ E= 5.950 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 5.950
dxs   t(d,d)t     5.95000     TO66
dxs   t(d,d)t     5.98000     IV68

t(d,d)t dσ/dΩ E= 6.180 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 6.180
dxs   t(d,d)t     6.18000     IV68

t(d,d)t dσ/dΩ E= 6.380 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 6.380
dxs   t(d,d)t     6.38000     IV68
dxs   t(d,d)t     6.45000     TO66

t(d,d)t dσ/dΩ E= 6.580 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 6.580
dxs   t(d,d)t     6.58000     IV68

t(d,d)t dσ/dΩ E= 6.780 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 6.780
dxs   t(d,d)t     6.78000     IV68

t(d,d)t dσ/dΩ E= 6.960 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 6.960
dxs   t(d,d)t     6.96000     TO66
dxs   t(d,d)t     6.98000     IV68
dxs   t(d,d)t     6.98000     IV68

t(d,d)t dσ/dΩ E= 7.180 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 7.180
dxs   t(d,d)t     7.18000     IV68

t(d,d)t dσ/dΩ E= 7.380 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 7.380
dxs   t(d,d)t     7.38000     IV68
dxs   t(d,d)t     7.46000     TO66

t(d,d)t dσ/dΩ E= 7.580 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 7.580
dxs   t(d,d)t     7.58000     IV68

t(d,d)t dσ/dΩ E= 7.780 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 7.780
dxs   t(d,d)t     7.78000     IV68

t(d,d)t dσ/dΩ E= 7.960 MeV

0 30 60 90 120 150 180

θ
CM

10
-1

10
0

10
1

d
σ

/d
Ω

calculated at E= 7.960
dxs   t(d,d)t     7.96000     TO66
dxs   t(d,d)t     7.98000     IV68



NOTE: 
This is 
the lab 

color 
palette. 

T(d,n)α evaluation (II) 
σNI T(d,el) nuclear plus interference 

11/5/18   |   17 Los Alamos National Laboratory 

•  Nuclear + interference cross section 
–  requires multichannel fit 
– strong energy dependence 
– not necessarily > 0 
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Fig. 2. Ratio of the preliminary results of the present 
work to the previous standards evaluation for the 
6Li(n,t) cross section.
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Fig. 3. Ratio of the present evaluation of the Au(n,γ) cross
section with the previous standards evaluation. 
evaluation.
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there are many ratio measurements of those cross 
sections with the standards, and absolute data are 
available for them. The older measurements are given in 
 [1] and the newer ones are shown in [2].  

For details for the evaluation process for all the
cross sections except those for the H(n,n) and C(n,n) 
reactions, see [1]. Basically the process involves using  
the GMAP (GMA) code to combine input from EDA 
and RAC R-matrix analyses; a thermal constants 
evaluation and direct experimental data to GMAP. The 
H(n,n) and C(n,n) evaluations are done separately as R-
matrix analyses by Hale and Paris. The evaluation of the
hydrogen standard is complete to 20 MeV. Efforts are 
underway to extend it to 200 MeV. The C(n,n) 
evaluation, composed of separate 12C(n,n) and 13C(n,n) 
R-matrix evaluations, is given in a paper [3] at this
conference. The energy ranges of the standards can be 
found in [1]. In figs. 1-7 comparisons are made of the
results of the new evaluation with those of the previous 
evaluation. For many of the cross sections, only small 
changes occurred due to the consistency of the new data
with the previous standards.

For the 6Li(n,t) cross section, there were 
differences in the fits for the EDA and RAC R-Matrix 
analyses, so the simple averages of the two fits with 
increased uncertainties were used in the combined GMA 
fit with the other data. An additional component of 
uncertainty equal to the difference between the two fits 
was used in the GMAP analysis. Large uncertainty is 
observed in the region of the resonance at about 0.245 

The increase above 0.5 MeV was present in both 
fits above 20 MeV will have some changes 

2.2 Thermal constants 

These data are particularly important in the 
determination of the neutron economy in thermal 
reactors. Since thermal data are included in the standards
evaluation, the thermal constants will have an impact on
the results of the evaluation. Also the thermal constants 
themselves will be affected by the other data in the 
evaluation. 
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Fig. 4. Comparison of the 235U(n,f) cross section from this
evaluation with the previous standards evaluation. 
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• Changes from VII.1 for 0 ≤ En ≤ 
20 MeV are within uncertainties

• New data are fit well
• Small change in thermal capture 

cross section had large effect on 
solution criticals

• R-matrix analysis presently goes 
to 100 MeV

• Still to do:  Covariances on 
differential cross sections (c.m. 
and lab); Extend analysis to at 
least 200 MeV
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41 channels (J⇡LS)

�2/dof = 1.36
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ENDF/B-VII.1 
ENDF/B-VIII.0b5 

Partitions :

n10
B(`  1);↵7

Li(`  3);

↵7
Li

⇤
(`  1); t8Be(`  2)

32 channels (J⇡LS)

�2/dof = 1.14
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n+12,13C:
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• n+C elastic cross section 
about 2% higher than VII.1 
near 2 MeV

• Seems to have little effect on 
benchmarks

• Still to do:
o Covariances
o Improve 13C(n,g) xs
o Add 13C(n,n’g) files 
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• n+C elastic cross section 
about 2% higher than VII.1 
near 2 MeV

• Seems to have little effect on 
benchmarks

• Still to do:
o Covariances
o Improve 13C(n,g) xs
o Add 13C(n,n’g) files 

ENDF/B-VII.1 

ENDF/B-VIII.0b5 

ENDF/B-VIII.0b5 NOTE: 
This is 
the lab 

color 
palette. 

Analysis of Reactions in the 13C System 

Sli
de 
11 

Reaction Energies 
(MeV) 

# data 
points 

Data types 

12C(n,n)12C En = 0 – 6.45   6940 σT, σ(θ), An(θ) 
12C(n,n’)12C* En = 5.3 – 6.45     443 σint, σ(θ) 
12C(n,γ)13C En = 0 – 0.199         7 σint 

total 4994   7390 5 

χ2 per degree of freedom = 1.54 

channel ac (fm) lmax 

n+12C(0+) 4.6 4 

n+12C*(2+) 5.0 1 

γ+13C 50 1 
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ENDF/B-VII.1 

ENDF/B-VIII.0b5 

NOTE: 
This is 
the lab 

color 
palette. 

R-Matrix Analysis of Reactions in the  
17O System 

Sli
de 
4 

channel ac (fm) lmax 

n+16O 4.4 4 
α+13C 5.4 5 

Reaction Energies 
(MeV) 

# data 
points 

Data types 

16O(n,n)16O En = 0 – 7   2540 σT, σ(θ), Pn(θ) 
16O(n,α)13C En = 2.35 – 5     672 σint, σ(θ), An(θ) 
13C(α,n)16O Eα = 0 – 5.4     870 σint
13C(α,α)13C Eα = 2 – 5.7    1168 σ(θ) 
total   5250 8 

χ2 per degree of freedom = 1.68 
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•  Short term 
– publish existing evaluations (including, of course, charged-particle) absent from 

ENDF/B 
•  including all R-matrix & normalization parameters (Ian T.’s talk) 
•  Caveat Emptor: EDA5 & 6 – relativistic parametrization 

– use existing EDA5 
•  Medium term 

– continue development on EDA6 (modern-language successor to EDA5) 
•  primary objectives: 

–  extend light-element analyses/covariance to En ≤ 20 MeV 
–  charged particles 
–  spectra 

– Likelihood-based fitting with Bayesian approach 
•  Long term 

– modern-language modular/OO structure will allow 
•  experimental acceptance, efficiency, general IRF capabilities (comparable to SAMMY) 
•  integrated, homogeneous optimization with integral benchmarks & other evaluation codes 

–  avoids ‘optimization via email’ situation that currently obtains 


